The paper presents an analysis of the causes and consequences of nonconformity that has been made in the welding of structural elements. The most frequent incompatibilities in this process were identified and RPN determined for them. The implementation of corrective and preventive actions in the identified critical areas was suggested based on the conducted analysis. After the implementation of corrective actions the re-calculation of the value of the RPN has been made. The paper presents the importance of visual inspection in the process of supervising finished products from the construction welding process. Elements of selected processes carried out in welded structures over two months were analyzed.
INTRODUCTION
The implementation of special processes as an important element in the production of the offered product is additionally burdened with a special system of monitoring and control of the achieved results. Current market requirements impose the need to pay attention to the problem of the welding process of metal structures at an appropriate level of welded joint quality, as well as at the level of cost production accepted by the customer. Therefore, the process engineer is obliged to choose welding technology in order to rationally generate production costs for welded products, which in turn translates into an increase in the welding process efficiency (Ptak and Tabor, 2008; Szataniak et. al., 2014) . Due to the limited possibility of product quality control only at the exit from the production system, special processes are subject to special requirements including planning, preparation and supervision of the quality of their execution (Ulewicz, 2016; Zasadzien and Zarnovsky, 2018; Brodny et al., 2016) . The research subject presented in the article is a company producing semi-trailers for trucks and agricultural machinery. One of the main elements of the production processes is the welding process of structures constituting the podium of the manufactured trailers of all types (platform or curtain, and the construction of dump trucks, as well as containers and railway wagons). The guidelines of the standards indicate the necessity to carry out technological operations from the group of special processes on the basis of documented technological instructions, including within its scope: requirements of employees' qualifications; principles of planning technological operations, product qualification, quality control during the process, and testing procedures. That is why so much emphasis is put on the statistics relating to the provision of adequate levels of quality at all stages of production of the product offered. The analysis of quantitative statistics on incompatibilities in the production line was carried out on the basis of data provided by the quality control department of the research entity.
THE STRUCTURE OF WELDING INCOMPATIBILITIES
Making welded constructions without any defects is practically impossible. The basic causes of incompatibilities in welded joints are (Czuchryj and Stachurski, 2005; Lipiński and Wach, 2014) :
• deviations from the correct welding technology, • incorrect selection of basic and additional materials, • improper connection construction solutions, • low qualifications of welders, • inoperative welding equipment. Good quality of the welded construction can be obtained by effective organization of the control of the anticipated welding work. An inseparable component of this inspection is nondestructive testing of welded joints. A variety of test methods are used to detect nonconformities occurring in welded joints. Depending on the responsibility and class of the structure, the individual elements of the quality assurance system are selected. The basis of the quality assurance system in the welded processes are single defectoscopy methods or their assembly (combination) consisting of several, usually two independent methods of testing applied in parallel. The method of non-destructive testing and the level of tests are determined based on the following factors (Ferenc and Ferenc, 2009; Dudek and Lisiecka, 2016 ):
• welding method, • the base material, the additive material, condition of treatment, • type of connector and its dimensions, • shape of the element, • quality levels, • expected types of welding incompatibilities and their location. According to the PN-EN ISO 6520-1 standard, welding incompatibilities are classified in six basic groups: cracks, void -gaps in the weld metal, solid inclusions -foreign solids trapped in the weld metal, lack the full weld remelting, incompatibilities in shape and dimension, various welding incompatibilities -all incompatibilities that can not be included in groups from 1 to 5 (PN-EN ISO 6520-1:2009). The quality of welded joints depends strictly on compliance with the requirements of welding standards, the choice of welding materials and the qualifications of the staff (welders and technicians). The quality of the weld is evaluated continuously using non-destructive tests. Both radiographic and ultrasound examinations are expensive due to the need to invest in expensive devices. The use of visual inspection is limited to the detection of surface incompatibilities only (Figures 1-3) . Therefore, an effective quality assurance system in welded processes requires the use of many types of controls at the same time. Examples of identified non-conformities in the analyzed company are shown in Fig. 1-6 . Supervision of incompatibilities is carried out both by visual counter (100%) and nondestructive testing, which most often allow to identify geometric incompatibilities of welds. This type of non-compliance requires the use of additional inspection steps (Figures 4 and 5) using X-ray examinations as well as the visual inspection applied on a large scale. In the analyzed period, the most frequently occurring incompatibilities are incomplete filling of the welding groove (Figure 2 ), and the convexity of the weld (Fig. 5) . The greatest universality in detecting structural incompatibilities of welded welds is characterized by radiographic examination, using the phenomenon of electromagnetic absorption of ionizing radiation and its registration on X-ray plates. Both surface pores and cracks did not require the use of additional control processes, they are surface incompatibilities and are detected in a visual inspection. After the welding operation, the visual inspection of the weld is made. The control performed by the employees is the first stage of quality control, supplemented in subsequent stages by inspection of the weld structure using X-ray examinations. Visual tests are the simplest and cheapest method of testing, they are obligatory for all types of welded structures. They are carried out before any other tests. These tests are carried out after the welding process, on joints in the state as they were made. The beginning of these tests should be at the stage of preparing the elements for welding, and end with the final inspection of the joints (PN-EN 13018 Standard; Ptak and Tabor, 2008) . Visual qualifications require appropriate employee qualifications and detailed characteristics of the study and all its aspects.
ANALYSIS OF THE CAUSES AND EFFECTS OF INCOMPATIBILITIES IN THE PRODUCTION OF WELDED STRUCTURES
Analysis of the types and effects of possible incompatibilities is one of the methods using to preventing and eliminating the effects of defects that may occur in construction and manufacturing processes. Its use at the construction stage consists in examining all possible and suspected errors before approving the structural solution. In the production process, this method is used to examine the possibility of errors in the course of production and assembly, and its purpose is to identify and assess risks. The risk assessed is related to weak points that occur during planning, production, development and manufacturing process. The conclusions in the analysis allow to significantly reduce this risk indicator (Tubis, 2018) . The FMEA method allows to: improve the product quality, better adapt the product to customer requirements, reduce costs, reduce the number of complaints (improve the defect rate) and improve the reliability of products (Bozdag et al., 2015) . Using the FMEA method, the factors influencing the quality of welded joints in the chassis of the construction machine were identified. Using the data from the FMEA analysis, you can improve all processes carried out in the company, so that the number of non-conformities arising in the production of the frames is as low as possible. Table 1 presents factors influencing the occurrence of incompatibilities in the production of frames. The FMEA analysis is based on three main indicators: severity, occurrence and detection. The assessment of indicators is carried out on a scale of 1-10. The ratio of these indicators allows to take into account three aspects of product quality. The optimal value of the Risk Priority Number for the analyzed processes has been set at level = 150. Five from the all incompatibilities exceed this value: N1 -no ridge penetration (RPN = 250), N2 -incorrect ending (RPN = 300), N5 -uneven weld (RPN = 315), N13 -inundation in the fillet weld (RPN = 180), and N15 -leakage (RPN = 180). For particular defects, corrective actions were defined, after the implementation of which the RPN was estimated again. A graphical interpretation of the RPN value change before and after the implementation of corrective actions is presented in Figure 7 .
Fig. 7. Risk priority number for particular incompatibilities of welded joints in steel constructions
In order to reduce the number of occurrences of incompatibilities related to the lack of root penetration, abnormal ending, leaks, flooding and uneven weld in the frame welds, the following corrective actions were determined: introduction of additional self-inspection operation in the technological process before welding, increased pressure on self-control and training for welders, modernization of welding technology, increasing the scope of visual examinations (Pałubicki and Kukiełka, 2017; Nowakowska-Grunt and Mazur, 2016) . In order to motivate employees to work effectively, it is necessary to introduce a motivational system within the framework of which employees would be rewarded for effective work. So far, the motivation of employees in the enterprise surveyed consisted only in using verbal persuasion, and sometimes even coercive measures. The tested enterprise should implement and apply appropriate methods of motivating employees. Employees' motivation should focus on active participation in activities that are introduced to improve the quality of products and services provided. The content provided during trainings should be strengthened by creating the right motivation system in the company. At the same time, emphasis should be placed on positive motivation, rewarding employees who perceive and solve quality problems. Above all, it is necessary to increase the payment, improve working conditions, reduce working hours (through better organization of the production process, eliminate overtime) and award incentive bonuses.
SUMMARY
Welding of car semitrailer frame structures can be considered as special processes, where one of the key determinants of quality are the operator's qualifications and experience. In the analyzed case, the most important element of the process and its result is the experience of 
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the welder and the employee involved. Based on the company's motivational system, all employees should be included in the process of quality assurance and improvement both at their workplace as well as throughout the organization. In the case of a welder, these will be activities aimed at improving visual control (Wolniak and Skotnicka, 2010) , (Pacana and Ulewicz, 2017) . As a result of the analysis the causes of incompatibilities in the welding processes using by the FMEA method, the reasons for RPN exceed the limit of the priority risk number were determined. In order to reduce the number of incompatibilities in the frame welding processes, the following corrective actions have been identified: introduction of an additional selfinspection operation in the technological process prior to welding, increasing attention to selfcontrol and training for welders, modernization of welding technology, increasing the scope of visual examinations. Identification of the most serious incompatibilities in the welding process allowed for further actions to determine the causes of non-compliance with the use of the Ishikawa diagram. The use of this diagram will allow to learn the detailed causes responsible for the occurrence of incompatibilities, and additionally graphically present the relationship between effects and transients between individual factors. The next stage of the analysis is to determine the risk of individual weld incompatibilities in subsequent production cycles, and to introduce preventive actions. In order to motivate employees to work more effectively, it is necessary to introduce a motivational system within the framework of which the employee will be rewarded for effective work (Kardas, 2015) . The tested enterprise should implement and apply appropriate methods to motivate employees to actively participate in activities to improve the quality of products and services provided. The content provided through training should be strengthened by creating the right motivation system in the company. At the same time, emphasis should be placed on positive motivation, rewarding employees who perceive and solve quality problems.
